Cell-associated bovine immunodeficiency virus (BIV) and cell-free BIV were subjected to increasing temperatures, including pasteurization conditions. To determine the effect of heat treatment on BIV viability, reverse transcriptase activity and infectivity of the heat-treated virus were assessed. BIV was inactivated by heating to 47؇C for 30 min and by low-and high-temperature pasteurization conditions.
though BIV is not considered a human pathogen, the presence of an "immunodeficiency" virus in milk may be perceived as a human public health issue. Thus, it is important to know whether pasteurization is sufficient to inactivate BIV. The purpose of this study was to determine the thermal stabilities of cell-associated and cell-free BIVs, as both cattle and humans could be exposed to the virus in both forms in contaminated milk.
BIV R29-infected fetal bovine lung (FBL) cells and uninfected FBL cells were maintained in Dulbecco's modified Eagle medium (DMEM) containing 10% fetal bovine serum and antibiotics. BIV-infected cells and cell-free supernatant subjected to heat treatment in this study were collected from cultures which had developed syncytia involving more than 50% of the monolayer. On average, these cultures expressed RT activity of approximately 62,000 cpm/ml of supernatant.
BIV-infected FBL cells in DMEM were placed into sterile microcentrifuge tubes at a concentration of 5 ϫ 10 4 /ml. The infected cells were grouped in quadruplicate and heat treated by using a thermal cycler according to the following scheme: group 1 (positive control) was treated at 37ЊC for 30 min, group 2 was treated at 47ЊC for 30 min, and group 3 was treated at 62.8ЊC for 30 min, simulating long-time low-temperature pasteurization (LTLT) conditions. Each of the heattreated samples was cocultured with 10 5 uninfected FBL cells in duplicate 24-well plates. Thus, eight replicas of each treatment were cultured. Negative controls were eight wells containing 10 5 uninfected FBL cells each. The plates were incubated at 37ЊC in 5% CO 2 , and 1-ml aliquots of supernatant fluid from these cultures were sampled at days 2, 4, and 6 postinfection (p.i.). Each aliquot was microcentrifuged at 16,000 ϫ g at 4ЊC for 90 min to pellet virus. Fluid was decanted, pellets were resuspended in solubilization buffer (0.5% Triton X-100, 0.8 M NaCl, 0.5 mM phenylmethylsulfonyl fluoride, 20% glycerol, 50 mM Tris-HCl [pH 7.8]), and pellets were vortexed. The RT activity of each aliquot was determined by the microassay method of Spira et al. (22) . Trichloroacetateprecipitated DNA was collected onto glass filters by using a semiautomated cell harvester (Skatron Inc., Sterling, Va.), and the incorporated [ 3 H]TTP label was detected by using a liquid scintillation counter (Beckman Instruments, Irvine, Calif.).
To determine whether the presence of milk might protect the cell-associated virus from thermal inactivation, BIV-infected cells suspended in milk were subjected to the same heat treatment scheme. Carnation nonfat dry milk was rehydrated to full strength in distilled water (41%, wt/vol), according to package instructions, and sterilized by repeated pasteurization at 62.8ЊC for 30 min. BIV-infected FBL cells were suspended in milk at a concentration of 10 5 /ml. The cells were grouped in quadruplicate and heat treated in a thermal cycler. After heat treatment, the cells were pelleted to remove the milk and cocultured with uninfected FBL cells in duplicate 24-well plates. Eight replicas of each heat treatment were cultured. Negative controls were eight wells containing 10 5 uninfected FBL cells each. Plates were incubated and sampled as described above, and the samples were analyzed by RT assay.
To evaluate the effect of high-temperature short-time (HTST) pasteurization conditions on BIV viability, BIV-infected FBL cells in DMEM or milk were placed into sterile glassware with a sterile stir bar at a concentration of 10 5 /ml. HTST pasteurization conditions were simulated by heat treating the infected cells in a water bath on a heated stir plate at 72ЊC for 15 s while stirring to maintain agitation. After the heat treatment, aliquots of the infected cell suspension were cocultured with uninfected FBL cells in 24-well plates. Negative control wells contained uninfected FBL cells. Plates were incubated and sampled as described above.
Cell-free supernatant fluids from BIV-infected FBL cells were heat treated according to the same scheme. Uninfected control samples were supernatant fluids from uninfected FBL cells. The heat-treated fluids were assayed directly for RT activity, and they were used to inoculate FBL cells in culture. The inoculated cultures were incubated at 37ЊC in 5% CO 2 and monitored for cytopathic effects (CPE). Samples for RT analyses were collected at approximately biweekly intervals p.i., after syncytia became evident in the positive-control cultures. Because free virus is generally a less infective inoculum than infected cells in our hands, a set of cultures inoculated with heat-treated cell-free supernatants was blind passaged twice (day 10 and day 14 p.i.) to augment the expression of virus which may have been present at low levels. Blind-passaged cultures were monitored for the development of CPE for 3 to 4 days after each passage. At day 17 p.i., supernatants were collected for RT analysis and cells were Giemsa stained for microscopic evaluation of CPE.
Means of uninfected groups were compared with means of the treated groups by analysis of variance and Dunnett's t test. P values of Յ0.05 were considered significant.
Thirty-minute heat treatments of BIV-infected FBL cells in DMEM or milk at 47 and 62.8ЊC inactivated BIV, as demonstrated by the inability of these heat-treated cells to reestablish infection in vitro (Fig. 1 ). Cultures inoculated with infected FIG. 1. RT activity in FBL cell cultures inoculated with cell-associated BIV which had been subjected to 30-min heat treatments. Samples for RT assay were collected at days 2, 4, and 6 p.i. The data are mean values of eight replicas for each sample period with standard errors of the means. Asterisks, mean values that were significantly different from the uninfected controls (P Ͻ 0.01). Inoculum was heat treated in DMEM (A) or in milk (B).
FIG. 2.
RT activity in FBL cell cultures inoculated with cell-associated BIV which had been subjected to HTST pasteurization conditions. Samples for RT assay were collected at days 2, 4, and 6 p.i. The data are mean values of eight replicas for each sample period with standard errors of the means. Asterisks, mean values that were significantly different from the uninfected controls (P Ͻ 0.01). Inoculum was heat treated in DMEM (A) or in milk (B).
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NOTES 4281 cells which had been treated at these temperatures did not yield detectable RT activity for up to 6 days p.i., while infected cells treated at 37ЊC for 30 min (positive controls) maintained infectivity. CPE of virus replication was predominantly syncytia, and syncytia were evident only in the positive-control cultures throughout the duration of this experiment. Simulation of HTST pasteurization of BIV-infected FBL cells in DMEM or milk rendered the virus noninfective in vitro (Fig. 2) . The dramatic decrease in RT activity in the 37ЊC treatment between days 2 and 6 p.i. in both sets of experiments corresponds with the destruction of the infected cell monolayer during this incubation period. Cell-free BIV also was readily inactivated by heat. The RT activity of BIV-infected cell-free supernatant was eliminated by heating to 47 and 62.8ЊC for 30 min and by heating to 72ЊC for 15 s, with agitation (Fig. 3) . Figure 4 , a composite of two separate experiments, compares the level of virus expression in cultures inoculated with heat-treated cell-free supernatants at a representative time point, day 14 p.i. In all cases, the heattreated fluids were noninfective, while cultures inoculated with the positive control produced high RT activity. Even after two blind passages, RT activity and CPE were evident only in the 37ЊC treatment. Heat-treated cultures showed no evidence of virus replication when RT activity and CPE in culture were compared to the negative controls. The milk protection experiment was not done for cell-free BIV because there was no experimental evidence to indicate that cell-free BIV was more thermostable than cell-associated BIV. Thus, this experiment was considered unnecessary.
Virus activity persisted for longer periods in cultures inoculated with infectious cell-free supernatants than in cultures inoculated with infected cells. This finding can be explained by the fact that infected cells from cultures showing at least 50% CPE are consistently a more effective inoculum than cell-free supernatant from cultures at the same stage of CPE. BIV is expressed more rapidly in cultures inoculated with cell-associated virus, accounting for the rapid destruction of the cell monolayer. A comparison of the replication kinetics of cellassociated and cell-free BIVs in vitro has not been done.
This study demonstrated that both cell-associated BIV and cell-free BIV could be inactivated by heating to 47ЊC for 30 min. In addition, simulations of both LTLT and HTST pasteurization indicated that these conditions were sufficient to render the virus inactive. Experimental inoculations of cattle with heat-treated virus have not yet been done, and these experiments are necessary to confirm that these thermal conditions are sufficient to also block infection in vivo. However, these data suggest that heat treatment of bovine milk and colostrum at 47ЊC for 30 min prior to their use in hand feeding calves should minimize the risk of lactogenic transmission of BIV while maintaining the healthful benefits of these fluids. Low-temperature treatment periods of less than 30 min were not evaluated, nor were heat treatments of less than 47ЊC. Thus, it is possible that BIV may be inactivated by even milder thermal conditions. Importantly, these data also indicate that consumption of pasteurized dairy products should pose no BIV-related health risks for humans. 
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